Abstract. Levothyroxine is a narrow therapeutic index, and to avoid adverse effect associated with under or excessive dosage, the dose response is carefully titrated. The tablets are marketed with a score providing an option to split. However, there are no systematic studies evaluating the effect of splitting on dose accuracy, and current study was undertaken to evaluate effects of splitting and potential causes for uniformity failures by measuring assay and content uniformity in whole and split tablets. Stability was evaluated by assaying drug for a period of 8 weeks. Effect of formulation factors on splittability was evaluated by a systematic investigation of formulation factors by preparing levothyroxine tablets in house by varying the type of excipients (binder, diluent, disintegrant, glidant) or by varying the processing factors (granulating liquid, mixing type, compression pressure). The tablets were analyzed using novel analytical tool such as near infrared chemical imaging to visualize the distribution of levothyroxine. Assay was not significantly different for whole versus split tablets irrespective of method of splitting (hand or splitter), and splitting also had no measurable impact on the stability. Split tablets either by hand or splitter showed higher rate of content uniformity failures as compared to whole tablets. Tablet splitter produced more fragmentation and, hence, more content uniformity and friability failures. Chemical imaging data revealed that the distribution of levothyroxine was heterogeneous and was dependent on type of binder and the process used in the manufacture of tablets. Splitting such tablets could prove detrimental if sub-or super-potency becomes an issue.
INTRODUCTION
Tablet splitting is a practice often recommended by healthcare providers and implemented by healthcare systems aimed at reducing the cost of prescriptions. It also allows the practitioner to administer lower dose to better titrate the dose and facilitate administration of large tablets to patients that may find difficulty swallowing as the whole tablets, e.g., scored Augmentin XR ER Tablets are available for greater convenience to adult patients who have difficulty swallowing. The scored tablet is not intended to reduce the dosage of medication taken.
Tablets are either hand-splitted or use of a variety of tablet splitters has been frequently cited for scored or unscored tablets (1) (2) (3) . It is an easy-to-use device in which tablets are cut into halves and is reported to have higher patients adherence due to ease of splitting as well as cost benefits (1, 2) . For instance, Fawell and colleagues (2) in a study of 1,617 patients who were divided into groups that split and did not split tablets found that tablet splitting did not hinder compliance as measured by tablet counting. Moreover, patients reported no concerns with tablet splitting, and only 4% thought that it affected their willingness to take medication. Also, it is reported that splitting may not be detrimental to drugs with a high therapeutic index such as psychotropics since their clinical actions depend primarily on relatively long-term alterations in neurotransmitter production and receptor sensitivity. Small variations in doses are generally not critical to effectiveness (4) . Similar results were found for other classes of drugs (5, 6) .
In spite of all the above advantages of tablet splitting, critics have identified a number of potential concerns related to this practice. Some of the concerns relate to weight variation, uneven drug content, and drug stability in the half tablets. These quality concerns can potentially impact the product performance and are especially true for drugs with narrow therapeutic index, drugs with closely spaced multiple strengths and drugs with nonlinear pharmacokinetics. Several studies have indicated that tablet splitting may result in high incidences of weight variation that may or may not be of clinical consequence depending on the drug being split (6) (7) (8) (9) (10) (11) (12) (13) . McDevitt et al. (12) found that 41% of split tablets deviated from the ideal weight by more than 10% and that 12% of pills deviated by more than 20%. Such differences can be critical with certain heart or thyroid medications with a narrow therapeutic index. In such case, splitting could bring about subpotency or superpotency issues which might cause harm to the patients.
Levothyroxine tablet is cited as one of the drug products that could be safely split to cut the cost (14) . However, it is a drug recognized to have a narrow toxic to therapeutic ratio with significant clinical consequences of excessive or inadequate treatment. There are 12 available tablet strengths of levothyroxine that vary by as little as 9% in drug content, reflecting the close titration that is required for optimal patient management. Thirteen million Americans are on levothyroxine products and those especially susceptible to incorrect titration include the elderly, pregnant women, their developing fetuses, and those with thyroid cancer (15) .
Levothyroxine is an example of a narrow therapeutic index drug as well as critical dose drug (16) . Narrow therapeutic index drugs are defined as less than a 2-fold difference in median lethal dose (LD50) and median effective dose (ED50) or less than 2-fold difference in the minimum toxic concentration and minimum effective concentration in the blood. Critical dose drugs are defined as the drugs in which comparatively small differences in dose or concentration may lead to serious therapeutic failures and/or serious adverse drug reactions. Levothyroxine has a complex stability profile and is sensitive to light, temperature, moisture, pH, and oxidation (17) (18) (19) (20) (21) (22) . Tablets split in advance and returned into the bottle may be subject to stability problems: increased friability and fragmentation, hygroscopic adsorption of water, and altered shelf-life due to, for example, a break in the tablet's protective coating (12) . Splitting a tablet might compound the problem of stability and thus ultimately affect the dose uniformity.
In recognition of the problems of dose consistency, two advisory committee meetings were held in US Food and Drug Administration to discuss the potency and stability issues of levothyroxine sodium drug products. The American Thyroid Association, the Endocrine Society, and the American Association of Clinical Endocrinologists indicated a lack of consistency of clinical performance. As a consequence of those meetings and recommendations, the potency limits were tightened from 90-110% to 95-105% to improve the uniformity of Levothyroxine inter-batch and for a closer dose titration (23) .
The present research was aimed at evaluating effect of splitting on dose uniformity of levothyroxine sodium and product stability. Weight variation or assay has been used to determine dose uniformity of split tablets; however, we hypothesize that these might not be the best practice and that content uniformity might be a better measure of dose uniformity of split tablets of narrow therapeutic drugs. Also in the present research, we used novel technique such as near infrared chemical imaging to view chemical composition on the surface of tablets as it has the potential to predict spatial identification of species in a sample. This nondestructive technique combines traditional near infrared spectroscopy with microscopic and macroscopic imaging to produce an integrated near infrared system.
MATERIALS AND METHODS

Chemicals
Levothyroxine sodium tablets were purchased from a local CVS caremark pharmacy (Silver Spring, MD): L-1, L-2, L-3, L-4, and L-5. HPLC ready deionized 18 MΩ water was obtained, in-house, from a Milli-Q Gradient A-10 water purification system, Millipore, (Bedford, MA). L-Thyroxine sodium (T4) was obtained from KVPharmaceutical (St. Louis, 
Marketed Tablets
Levothyroxine tablets from each manufacturer were split into two parts in two different ways-using hand-splitting and using a tablet-splitter (Apothecary Products, Inc., Burnsville, MN). Thirty-four intact tablets and 68 split halves of each product were randomly dispensed into individual amber pharmacy container for each time point and closed using a child-resistant cap. Since manufacturing dates were unknown for the marketed samples, the stability study was conducted 5 months before their expiry date which was considered week 0 in our study. Tablets were stored in a controlled condition (temperature between 20°C and 22°C) prior to start of the stability studies. Conducting stability studies 5 months prior to expiry can be used to compare the stability profiles head-to-head since the manufacturing dates for all different marketed tablets might be different. Samples were stored in monitored environmental chambers (Hotpack, Philadelphia, PA or Electrotech, Glenside, PA) under long-term storage conditions (25°C/60% relative humidity (RH)) for 8 weeks. On the appropriate time points (0, 4, and 8 weeks), the closed pharmacy vials were removed from the incubators and allowed to equilibrate at room conditions for at least 1 h. Samples were then analyzed for potency. At 0 week time point, the samples were also analyzed for weight variation, content uniformity (CU), and dissolution. Also near infrared (NIR) chemical imaging was used to visualize the contents of the surface of the whole tablets.
Preparation of Tablets
A fractional factorial screening design of experiments was employed to create 12 different formulations under a Plackett Burman design. The diluent (~82.6%) was either lactose monohydrate or mannitol; the disintegrant (10% w/w) was either Na starch glycolate or Na carboxymethylcellulose, binder (5% w/w) was either starch or HPMC, and glidant (2% w/w) was either talc or silicon dioxide (SiO 2 ). Levothyroxine (200 μg/tablet) was mixed as either dry or was sprayed as a solution in the granulating liquid (10 mM NaOH solution or methanol). All the ingredients, except glidant, were mixed and granulated using granulating liquid. The granules were passed through sieve # 16, dried in an oven at 40°C until loss on drying value of <2% was obtained. The dried granules were again sieved through sieve #20, and glidant was added to the granules and mixed in a V blender for 15 min at 15 rpm. The granules were compressed on a rotary tablet press (Globepharma, NJ) at compression pressure of either 1,000 or 2,000 lbs. The in-house-manufactured tablets were evaluated for content uniformity for split portions to evaluate main factors responsible for the failure to meet specification limits. Also, tablet surfaces were viewed with NIR chemical imaging to visualize distribution of various components.
Potency and CU
Although various HPLC methods of potency and content uniformity determination exist in USP, it does not separate all the eight potential degradation impurities. Therefore, we utilized previously published method for the determination of levothyroxine from the tablet samples (24) . The method was applicable for all the tablets included in the study. The calibration samples for potency and CU were prepared in 0.01 M methanolic NaOH. Levothyroxine Na and all the impurities (T3, T2, T0, MIT, DIT, T3AA, T4AA, and Tyr) were added into the calibration standards. An internal standard, theophylline, was also added to all the above diluted calibration ranges. The standards were then transferred to an automatic injector for HPLC analysis.
Potency determination for tablet samples was performed on each stability time point. Twenty whole tablets or split portions were transferred to a mortar and ground with a pestle to a fine, homogenous powder. Powder obtained from tablet grinding was aliquot into labeled vials for subsequent potency experiments.
CU determination for tablet samples was performed by grinding 10 whole tablets or split portions individually followed by quantitatively transferring them into individual volumetric flasks for subsequent CU experiments.
HPLC method used for all the samples included a reversed phase Inertsil ODS 2 column (250×4.6 mm, 5 μm, 150 A) with Inertsil ODS Security Guard cartridge (4.0× 3.0 mm, 10 μm). A gradient elution included 0.1% TFA (A) and Acetonitrile (B) from 92% to 8% A in 25 min, at 8% B and 92% A from 25-30 min, from 8% to 92% A from 30-35 min. The flow rate was 0.8 mL/min, the column temperature was 25°C, and the injection volume was 50 μL. The UV detection wavelength was set at 215, 223, 228, 232, and 240. However, all the calculations were performed at 223 nm. The amount of levothyroxine in the test samples was calculated, as quantity and percent remaining, from the measured peak area response for the test samples (r u ) and compared to peak area response (r s ) for the standard levothyroxine solution using the following equation C is the concentration in micrograms per milliliter of the USP levothyroxine reference standard and 798.85 and 776.87 are the molecular weights of levothyroxine sodium and levothyroxine.
Friability
A friability apparatus (USP, Globepharma, NJ) was used at 100 drops in 4 min. An exception was made to the sample size from USP method since USP recommends 6.5 g of tablet weight. However, in the study, 30 whole tablets (approx weight of 3.8 g) and 60 split halves for half tablets (both hand and splitter cut) were used. The tablets were weighed and placed in the drum and were rotated at 25 rpm for 4 min. At the end of the test, the tablets were weighed, the weight loss was determined, and the percent friability was calculated.
Dissolution
A calibrated dissolution apparatus (USP II, (Varian, Palo Alto, CA)) was used with paddles at 50 and 75 rpm depending on the drug product tested. The bath temperature was maintained at 37±1°C. Dissolution medium consisted of degassed 0.01% HCl solution with 0.2% sodium lauryl sulfate. Six tablets per drug product were evaluated, and dissolution samples were collected at 15 and 45 min. At each time point, a 2-mL sample was removed from each vessel using a glass syringe and filtered through an acrodisc filter (0.45 μm, 25 mm) into labeled glass tubes. One milliliter was removed and transferred to the HPLC vial. Next, 1 mL of 0.01 M phosphate buffer (pH=3.0)/methanol solution (45:55) was added to the HPLC vial, vortexed, and analyzed by HPLC.
A single method of HPLC analysis for dissolution samples was used for all the study tablets of levothyroxine sodium (marketed and in-house), although different methods exist in USP. The previously published method was developed, validated, and found to be suitable for the analysis of the samples (25) . Briefly, a Nova-pak C18 column (3.9× 150 mm, 4 μm, Waters) fitted with a Nova-pak guard column The assay values presented as italic bold red fonts represent the failure to meet specification of 90.0% to 110.0% of assay value. All the whole tablets except L-4 met the specification, however, failures were observed for both hand-and splitter-split portions for all the marketed tablets 
NIR Chemical Imaging
Sapphire® chemical imaging system (Malvern, Westborough, MA) with SapphireGo® data acquisition system (version 1.4) equipped with diffuse reflectance detector was used to collect NIR spectra from 1,400 to 2,350 nm in 10 nm increments. Each tablet was scanned eight times and averaged on the imager. Background signal was removed initially by subtracting a dark cube without any sample. Spectralon-99% was used as a reflectance standard which is nominally 99% reflectant over the 350-2500 nm range. Each sample spectra is then recorded as a ratio of the specimen reflectance and the source light reflected from a Spectralon 99%. The pure component spectra were used to create a spectral library against which each tablets' spectra were analyzed.
Preprocessing and data transformation were carried out on ISys® chemical imaging software (Version 5.0, Malvern). All the reflectance spectra were converted to absorbance spectra, and the background was masked by applying sample statistics showing two distinct regions for tablet and background. The masked data for pure components were truncated to 50×50 pixels where each pixel represents 40× 40 μm. The images were analyzed with and without data transformation. For the transformation, normalization (mean center and scale to unit variance by spectrum) was applied. A PLS-2 model was developed based on the spectral library of pure components and was applied to each tablet. Untransformed images and spectral data were examined to understand physical characteristics on the tablet surface.
Statistical Analysis
Statistical analysis was performed using a single factor ANOVA or unpaired Student's t test assuming equal variance. A p value of <0.05 was considered as statistically significant.
RESULTS AND DISCUSSION
The current study was undertaken to evaluate the effects of splitting and the potential causes for uniformity failures. Five marketed drug products which included several brand and generic levothyorixne tablets were evaluated for effect of splitting on dose uniformity by performing both assay and content uniformity using the methods described above. The tablets were split either by hand or tablet splitter. The assay for all the five marketed tablets for whole as well as split portions are shown in Fig. 1a -e. The time zero refers to the day of 5 months before expiry of these tablets since manufacturing dates were unknown. This approach makes it possible to compare various formulations from different manufacturers to see whether the assay values were within the range. A specification range of 90-110% was followed since the tablets were purchased before Oct 2009, after which, the assay specifications was tightened by USP to be within 95-105% (23) . Except for L-4, all the other whole tablets were well within the range. Since we found that L-4 was still within the expiry but failed to meet assay specifications, another lot of product was bought and assayed to confirm Fig. 3 . Levothyroxine tablets (L-3) before and after friability test on splitter cut tablets that the extraction method used was able to extract the drug. For the new lot, the potency was found to be within the specification range. Thus, the extraction procedure was adequate and sub-potency of L-4 product might be due to rapid degradation of levothyroxine from the product even though it was within the expiry. In practice, when such failures are observed, the sponsors are required to reduce the expiration dating and recall the lots that failed to meet the quality standards from the market. Potency and stability issues have been prevalent for levothyroxine products, and a better reformulation should prevent future problems. The formulations were undergoing transition to reformulated products so as to meet new USP potency requirements; hence, it was decided to continue with old lot of L-4 product. Effect of splitting was evaluated by splitting the tablets in to halves either by hand or by using a tablet splitter. Splitting was done by one analyst to avoid inter-person variability. However, in actual use, it will be done by different individuals and, therefore, might be variable since accuracy of tablet splitting also depends on one's technique or device (26).
Moreover, patients or their caregivers must have good vision, manual dexterity, and the mental capacity to accurately split a tablet. It was found that splitting with hand was challenging since the diameter of tablets varied from 5 to 8 mm for roundor oblong-shaped tablets, respectively. It has been cited that splitting a smaller tablet is generally more challenging than a larger size tablet. Spang (27) states that scored tablets should be at least of 8 mm diameter to be well manageable. This is in line with the finding of Muller and Kublik (28) who found in four commercial formulations that the smallest tablet, with 7 mm diameter, was the most difficult to break. Although most of the tablets were about 8 mm in diameter, it was found to be difficult to split them uniformly. Although an increasing attention is paid to breaking ease by the researchers, no formal regulatory requirements exist for this quality issue of scored tablets. It is known that shape also plays an important role in uniform splitting. In case of levothyroxine, except L-1, all the other marketed products were oblong-shaped. Round tablets being smallest in size (5 mm diameter) were found to be most challenging in terms of hand-splitting. All these tablets were scored; therefore, differences due to score line might not be a factor although depth of score line is known to affect the splittability of a tablet (29) .
Assay was performed on all the split portions for all the marketed formulations (Fig. 1a-e) . At time zero, which refers to the 5 months before expiry, it was found that most of the split portions passed the assay splitted by splitter and hand, respectively. Split portions if kept for later use might undergo degradation if the active pharmaceutical ingredient (API) is sensitive to external factors such as oxygen, light, or moisture. Therefore, stability studies were carried out for split tablets which were stored at 25°C/60% RH and were compared with the stability of whole tablets also stored under the long-term stability condition. Results are presented in Fig. 1a-e .
It was seen that L-1 formulations showed significantly lower amount of levothyroxine sodium at 8 weeks as compared to earlier time points for whole as well as splitter cut tablets (p<0.05; Fig. 1a) . The assay values were well within the range of 90-110% at the end of 8 weeks. There was no significant difference between whole and split portions stability as seen from Fig. 1a .
For formulations L2, L-3, and L-5, there were no signs of instability as seen from Fig. 1b, c , and e, respectively. For L-2, although splitter cut portions seem to have higher assay values at 4 and 8 weeks as compared to time 0, they were not statistically significant (p>0.05) since they were within assay variability (Fig. 1b) , Although assay values for formulation L-3 at times 4 and 8 weeks were lower than week 0 for all the tablets, Fig. 1c ). For formulation L-5, whole as well as split portions showed no statistically significant differences for stability time points as compared to time 0 for whole and split portions (p>0.05).
For formulation L-4, assay values for all the tablets showed signs of instability at 8 weeks as the values were significantly different as compared to time 0 (p<0.05; Fig. 1d ). The splitter cut portion showed slightly higher rate of instability from 0 to 4 weeks as compared to whole tablets. Increase in the exposed surface area might play a role in accelerating the reaction and thus causing instability. However, it was not observed in other tablet formulations. It is known that certain excipients help to prevent degradation of active pharmaceutical ingredients. It was observed that L-4, although within expiry, had lower levothyroxine assay values which were outside of 90-110%. Lack of complete extraction was ruled out by conducting assay on different lot of L-4 for which the assay was found within the range.
Thus, it was observed from assay results that the split portions (hand or splitter cut) in general were not significantly different as compared to whole tablets stability profile except of L-4 which showed slightly accelerated rate initially.
Since assay is a composite test, content uniformity was also performed for all the split portions and was compared with whole tablets (Table I) . Since content uniformity failed for L-4 whole tablets, split portions also failed to have levothyroxine content within the specifications. A higher fragmentation was observed for tablets cut with the splitter as compared to those cut with the hand (Fig. 2) , and this might be the reason for the higher failures observed for the splitter cut portions. Dissolution on whole and split tablets was performed, and the results were in line with content uniformity, i.e., for split portions, some of the tablets failed to meet the USP specification as compared to whole tablets (Table II) . It can be noted that the dissolution failures were less pronounced as compared to CU since the specifications are more relaxed for dissolution as compared to CU specifications. Therefore, dissolution might not be the best quality-control test for immediate release split tablets. However, this cannot be generalized, and a case-by-case approach is needed to confirm. It should be noted that dissolution test could prove to be very valuable for extended release tablets when they are splittable.
It might be difficult to position the blade directly on the score line and get a clean cut for some tablets (11, 30) . There have been concerns that splitter does not produce equal halves, and weight variation in split portions have been observed for many formulations. For very narrow therapeutic window, it might be important to accurately dose the patient. Levothyroxine is a narrow therapeutic index drug with clinical efficacy dependent even on slight variation in its dose. For this reason, very recently, USP monograph was updated to reflect potency limits from 90-110% to 95-105% (23) in order to ensure that the tablets can adequately provide therapeutic concentrations needed for the patients. Caution should be exercised when splitting tablets for drugs with short half-lives or low therapeutic indices because even slight variability may affect clinical outcomes. Although no regulatory requirements exist in USA for split tablets, A Ph. Eur. draft monograph for the mass uniformity of subdivided tablets required compliance of the subdivided tablets to the Ph.Eur. test for content uniformity (31) . This requirement was restricted to tablets with active substances having a critical dosing. This draft monograph was not adopted. In 2001, the Ph.Eur. adopted a change in the monograph on Tablets, including under Production a paragraph requiring subdivided parts of scored tablets to comply either with the Ph.Eur. test for uniformity of content or uniformity of mass. This requirement is not restricted to substances with a critical dosing. The adoption of this requirement is a milestone: for the first time, a pharmacopoeial requirement on score lines is set. Also, recently, a stimuli article was published by USP Pharmaceopeial Forum suggesting to adopt EP standards for the subdivision characteristics of the scored tablets (32) . This requirement limits deviation to ±15% of average mass of the subdivided parts. The second standard recommended includes limit on loss of mass upon subdivision which should be ≤3%. However, it does not propose any limits on content uniformity and assay values which could be critical for narrow therapeutic index drug, such as levothyroxine.
Friabiliy results are presented in Table III for whole, hand-split, and splitter-split marketed tablets. In general, the tablets were more prone to friability failures for half tablets as compared to the whole tablets. The splitter cut tablets had higher weight losses for L2-L5 tablets as compared to handsplit tablets. Weight loss was more prominent for L-3 splitter- Fig. 6 . Prediction profiler for content uniformity for levothyroxine sodium split tablets manufactured in-house cut tablets as a number of small fragments were generated from the fractured split tablets which were excluded from the weighing purpose (Fig. 3) . This is striking because the tablets may be cut and shipped sometimes from mail order pharmacies. Since friability tests are not routinely performed and evaluated for split tablets, it might pose a greater concern for shipped split tablets.
Near infrared chemical imaging was used to view chemical composition on the surface of tablets. It has the potential to predict spatial identification of species in a sample. A confounding factor in NIR analysis (traditional or imaging) is that physical properties of the tablets such as density, hardness, and particle size have an impact on the spectrum, typically a linear baseline shift (33, 34) . This impact was minimized by chemometrics preprocessing step including multiplicative signal correction (normalization). The images are shown in Fig. 4 . The images shown are with respect to factor index of levothyroxine sodium. The color index indicates that the region rich in levothyroxine concentration is red whereas regions with minimum levothyroxine are blue in color. It was observed that L-2 and L-4 tablets' surfaces showed heterogeneity in the distribution of API as compared to other marketed tablets. A more careful evaluation at the composition of tablets from the package insert revealed that these formulations might be compressed directly without any granulation step since there was no binder present in both these formulations. API% is very low in the tablet (200 mcg in 120 mg tablet~0.167%); hence, if the API is mixed directly with other ingredients without formation of granules, it seems likely that the drug will not be homogeneously mixed with the other ingredients. This might have implications on split tablets since splitting them into halves equally by weight might still not contain the same amount of API in the split portion due to unequal distribution. Therefore, during formulation development, this needs to be addressed by performing systematic study as presented here to avoid subor super-potency issues for these types of drugs.
In order to understand the relationship between the dividing properties of scored tablets and the characteristics of the powder mixtures from which the tablets have been compressed, a screening design of experiments was employed. Formulation and processing factors were varied in a 12-run Plackett-Burman screening design as outlined in methods section. Assay and content uniformity results were analyzed by statistical software JMP (Version 7.0) which revealed that binder was found to be one of the main factors affecting splitting (Fig. 5) . Other two factors affecting assay and content uniformity were glidant and disintegrant although they were not statistically significant. The effect of factors and the p values are listed in Table IV . A prediction profiler was plotted to understand effects of each of the factors on the CU of split tablets of in-house tablets, and the results are presented in Fig. 6 . It was seen that although statistically insignificant, there was a trend towards better CU with starch as a binder, colloidal SiO 2 as a glidant and sodium carboxymethyl cellulose as a disintegrant, mannitol as a diluent, water as a granulating liquid. Method of mixing and compression pressure or hardness of the tablets had minimal effects on CU of split tablets. It is cited in the literature that a more uniform and denser packing resulted in a better uniformity of mass of the subdivided tablet parts. From a theoretical point of view, filler and binder excipients with only a limited elastic recovery after compaction are more suitable for breaking tablets (35) . The two binders used in the current study were HPMC and starch. It was observed that for better content uniformity, starch was giving a higher content uniformity results as compared to when HPMC was used as a binder. Thus, formulation development with proper excipient might be able to produce tablets with better splittability.
CONCLUSIONS
Effect of hand and tablet splitter on levothyroxine dose uniformity was evaluated by performing chemical analysis such as assay, content uniformity, and friability. Assay was used to evaluate stability of whole and split tablets which showed no significant differences for their stability profiles. Content uniformity was found to be a measure for dose uniformity of split tablets. Among five marketed levothyroxine sodium tablets, it was found that split tablets either by hand or splitter showed higher rate of failures as compared to whole tablets. Tablet splitter produced more fragmentation; hence, more tablets failed content uniformity and friability if splitted with the splitter. However, it cannot be generalized as it depends on the type of splitter and dexterity of individuals. Also, it was found that with the tablets which were directly compressed without any granulation step, the distribution of levothyroxine sodium was not homogeneous on the surface of the tablets. Splitting such tablets could prove detrimental if sub-or superpotency becomes an issue for narrow therapeutic drugs. Inhouse formulation efforts revealed that type of binder plays an important role in splittability of the tablet to provide more consistent dose uniformity for levothyroxine sodium tablets.
